Background: Tétanos Quick Stick® (TQS) is a test for tetanus immunity screening for wounded patients in emergency departments (EDs), but represents additional costs compared with a medical interview on vaccination history. The study objective was to assess the effectiveness and cost of the TQS in French EDs. Methods: We performed a model-based analysis that simulates screening of tetanus immunity and risk of tetanus based on prophylaxis administration. Strategies compared were: i) diagnosis of tetanus immunity by "TQS"; ii) "Medical Interview" (current practice). The study population was 1,658,000 French adults seeking ED care for a wound in 2012. Model parameters were estimated based on French national surveillance data, and published literature. Outcome measures were number of tetanus cases, life years gained and costs (2012 €) from a societal perspective. Results: Use of TQS had negligible impact on health outcomes (0.02 tetanus cases/year in France vs. 0.41 for "Medical Interview"), but resulted in a decrease in annual costs of €2,203,000 (−42%). Base case and sub-group analysis showed that with the same effectiveness, the average cost per patient was: €13 with "Medical Interview" vs. €11.7 with TQS for the overall cohort; €28.9 with "Medical Interview" vs. €21 with "TQS" for tetanus-prone wounds; €15 with "Medical Interview" vs. €14.1 with "TQS" for patients aged ≥65 years; and €6.2 with "Medical Interview" vs. €7.8 with "TQS" for non-tetanus-prone wounds. Conclusions: Use of TQS is as effective and less costly than "Medical Interview" when applied in ED to wounded patients with tetanus-prone wounds or aged ≥65 years. However, it is more expensive in patients with non-tetanus-prone wounds.
Background
In high-income countries, thanks to systematic immunization campaigns and prophylaxis strategies, tetanus is a rare disease. In France, the annual incidence rate of tetanus for the period 2000-2012 is estimated to be 0.27 cases per million inhabitants [1] .
Alongside universal vaccination, unscheduled tetanus prophylaxis is administered to patients with a wound depending on its severity and the patient's vaccination status (Table 1) [2, 3] . Currently, in emergency departments (EDs), healthcare workers assess tetanus immunization status by asking for the patient's vaccination card or through a medical interview retracing the patient's vaccination history. However, patients rarely bring their vaccination cards, and multiple studies have shown that medical interviews lack accuracy [4] [5] [6] [7] [8] . For example, Colombet et al. reported that the sensitivity and specificity of this practice was 62% and 79%, respectively [5] .
Immunization status, as defined by serum tetanus antitoxin level, can now be more accurately determined through rapid testing using immunochromatographic methods. Colombet et al. recently showed that one of these tests, the Tétanos Quick Stick® TQS) (TQS; Ingen, France), was associated with a higher sensitivity and specificity than medical interview for immunization status determination [5] . However, such tests are associated with higher costs than the medical interview. The estimated unit cost of a test is €4.7 [9] .
The objective of this study was, in the current context of implemented guidelines, to assess using a model-based analysis, in French patients presenting to the ED with wounds, the effectiveness, costs and cost-effectiveness of rapid tests and in particular TQS for tetanus immunization status determination vs. current practice based on the medical interview.
Methods

Analytic overview
We developed a decision-tree model that simulates the trajectory of a cohort of adult patients seeking care in EDs for a wound during the year 2012 in France. Each patient's trajectory incorporates wound type, tetanus immunization status diagnosis, administration of unscheduled tetanus prophylaxis according to immunization status, and the risk for tetanus and related survival with or without sequelae ( Figure 1 ). Several parameters used in the model (immunization status, unscheduled vaccination guidelines, tetanus incidence) vary with age; we therefore stratified our adult study population into two age groups: 18-64 years old and ≥65 years. Since tetanus incidence and prophylaxis guidelines differ according to the type of wound, we also stratified the study population into patients with and without tetanus-prone wounds. The model was developed and analyzed using TreeAge Pro 2012 (TreeAge Software, Inc., Williamstown, MA).
Strategies
Two strategies to diagnose the tetanus immunization status were compared and applied each on the entire hypothetical cohort of patients considered in the analysis.
(i) "Medical Interview" strategy (current practice)
The "Medical Interview" is illustrated in Figure 1 . Patients were first asked whether they had their vaccination card.
If they did, this card showed whether their last booster was up to date or not. If they did not, they are asked about their tetanus vaccination history in a medical interview. If they reported "No or unknown complete primary vaccination", based on French guidelines, they were given a booster and a human tetanus immunoglobulin (TIG) injection in the case of tetanus-prone wounds, and only a booster in the case of no tetanus-prone wounds. If the patients asserted having received a "Complete primary vaccination", they were asked if their boosters were up to date. Those replying yes received no prophylaxis; those replying no received a booster and a TIG injection in the case of tetanus-prone wounds and only a booster in the case of no tetanus-prone wounds.
(ii) "TQS" strategy
The "TQS" strategy is illustrated in Figure 1 . As in the "Medical Interview" strategy, patients were first asked about their vaccination card. Patients without a vaccination card were systematically screened with a TQS. A positive test classified the patient as immune (i.e. with serum anti-tetanus antibody above 0.1 IU/mL of blood) [2] . Immune patients received no prophylaxis. A negative test classified the patient as non-immune (i.e. serum antitetanus antibody under the protective threshold). Nonimmune patients received unscheduled tetanus prophylaxis like patients in the "Medical Interview" strategy.
Outcomes
Based on this model, we estimated for each strategy the proportion of patients correctly and incorrectly diagnosed, the number of tetanus cases per year, and the cohort's life expectancy. We also assessed overall costs in order to calculate the incremental cost-effectiveness ratio (ICER) of the "TQS" strategy compared with current practice [10] .
Since wound type determines ED care and has an impact on tetanus risk, we conducted a sub-analysis on tetanusprone and non-tetanus-prone wounds. Because patients aged ≥65 years are less immune against tetanus, we also conducted a specific analysis in this population [11] . 
Data and sources
Model input variable parameters were mainly estimated using national observational data and, when not available, through an extensive review of the international literature ( Table 2) . Our study population was an annual cohort of wounded adults seeking care in an ED. These correspond to 13% of the 12.7 million adults annually seeking care in French EDs, 16 .6% of whom were aged ≥65 years, and 70.3% were male [5, 8, 12, 13] . Children were not considered in this analysis because data on TQS and medical interview performance are lacking in this population. Based on Colombet et al. data, 31% of the patients had a tetanus-prone-wound [5] .
The true immunization rate of patients aged 18-64 years was estimated to be 94.6% based on ELISA test results in the Colombet et al. study (see Additional file 1: Technichal Appendix) [5] . Seroprevalence in patients aged ≥65 years was estimated as 76.6% using data from a study of vaccination coverage in this population by the Institut de Veille Sanitaire, which is the French Institute for Public Health Surveillance.
The probability of having a vaccination card when coming to the ED was estimated as 12% [5] . The performances of the two screening strategies in defining the immunization status of patients were estimated using the findings of Colombet et al. [5] . The sensitivity and specificity of TQS testing of blood samples in ED conditions were estimated to be 69% and 98%, respectively [5] . Based on the same data, medical interview sensitivity and specificity were estimated as 62% and 79%, respectively.
Tetanus incidence was estimated based on age, the type of wound, and the administration or not of Medical interview NPV (1-Pr up-to-date with boosters)×Medical interview specificity/(((1-Pr up-to-date with boosters) unscheduled tetanus prophylaxis. Tetanus incidence rates were calculated by age group and type of wound based on national observational data between 2000 and 2011 (see Additional file 1: Technical Appendix). Specific tetanus incidence rates obtained were: for patients between 18-64 years, 0.3 and 1.6 cases per million for non-tetanus-prone and tetanus-prone wounds respectively; and 8.8 and 41 cases per million for patients aged ≥65 years (see Additional file 1: Technical appendix). In patients in whom tetanus occurred, we considered that the probability of being hospitalized was 1. Mortality and the probability of long-term sequelae were estimated using data on the surveillance of tetanus from the French Institut de Veille Sanitaire [23] [24] [25] [26] .
Costs
The estimated cost of the TQS was €4.7 according to Lesimple et al. [9] . No TQS administration cost was considered, assuming that costs associated with the working time spent performing the test would be roughly equal to the time needed to conduct the medical interview. Treatment costs included tetravalent booster vaccine (Revaxis®, Sanofi Pasteur MSD: €10) and TIG (Gammatetanos®, Laboratoire LFB Biomédicaments: €34.9) and were obtained from the Vidal (French equivalent of the Physicians' Desk Reference), an online database of information on healthcare products [27] . The cost of a tetanus case was estimated using national hospitalization statistics (= €209,000) [28] . Costs related to tetanus sequelae were assessed by taking into account stays in the follow-up care and rehabilitation departments also using national hospitalization statistics and were estimated as €5,390 [28] .
Outpatient costs related to tetanus cases were not included since in this analysis in this analysis since they were considered to be negligible when compared to hospitalization costs. In cost calculations, we adopted a societal perspective. We only included direct and differential medical costs between the strategies compared which were all supported by the French Health Insurance (in 2012 euros). The tetanus incidence is very low in France and the study perspective was fixed at one year [1] . Consequently, productivity cost were considered as negligible and not included. Since the study does not include human material or human data, because only published data from a literature review were used, the approval of an ethics committee was not needed.
Sensitivity analysis
In addition to a sub-analysis based on the nature of the wound (tetanus-prone or not) and the patient's age, oneway sensitivity analyses were performed for all probabilities and costs, to evaluate the robustness of our results and to explore the impact that parameter uncertainties.
In those analyses, we used estimates for input variables found in the medical literature but not used in the base case analysis. When input variables were only from one study, a plausible range of values was built based on assumptions. For the parameters identified in the one-way sensitivity analysis as having a high impact on results, a threshold analysis was performed to determine at which values outside plausible ranges the choice of optimal strategy could be changed. We also considered and explored several scenarios in our sensitivity analysis. We considered cases where a monovalent vaccine or equine immunoglobulins were administered (see Additional file 1: Technical Appendix).
Results
Under current practice, our model predicted approximately one tetanus case per year among those who sought medical care in the ED for a wound. This correlated well with the observed number of tetanus cases per year in France caused by wound infection and that would have led to an ED consultation [23] [24] [25] [26] .
Base-case analysis
In the present context, for 1,658,000 patients presenting at the ED with wounds, the use of the "TQS" strategy resulted in 0.02 tetanus cases per year compared with 0.41 cases per year for "Medical Interview" ( Table 3 ). The number of tetanus cases with each strategy was thus low and comparable. We will therefore only focus on costs and consider that the current analysis is a costminimization rather than a cost-effectiveness analysis.
The overall "TQS" strategy was less costly than "Medical Interview": €19,361,000 compared with €21,564,000. Increased costs incurred by TQS use (€6,866,000) were offset by reduction of unnecessary prophylaxis (€8,988,000): 42% decreases in booster shots and TIG doses. The average cost per patient was: €13 with "Medical Interview" vs. €11.7 with "TQS" for the overall cohort.
Sub-analysis results
The two sub-groups where the TQS use generated the greatest savings were the tetanus-prone wounds (€3,939,000) and the 18-64 years old patients (€1,956,000). The number of tetanus cases with each strategy was low and comparable; differences in effectiveness was negligible. We therefore only focus on costs and consider that the current analysis is a cost-minimization rather than a cost-effectiveness analysis. c Δ = Defined as the delta of the transition from the "Medical Interview" strategy to the "TQS" strategy.
For patients aged ≥65 years, use of TQS also decreased overall costs, but to a lesser extent (€247,000). However, for the non-tetanus-prone wounds cohort, the "TQS" strategy cost more than "Medical Interview" while being more effective. The transition from current practice to the "TQS" strategy however cost €5,292,000/life years gained (LYG). The average cost per patient with "Medical Interview" vs. "TQS" was: €6.2" vs. €7.8 for non-tetanus-prone wounds; €28.9 vs. €21 for tetanus-prone wounds; €126.1 vs. €112 for patients between 18-64 years of age and €15 vs. €14.1 for patients aged ≥65 years.
Sensitivity analysis One way
A one-way sensitivity analysis on cost and effectiveness was performed for each variable across their range of plausible values shown in Table 2 . Figure 2 shows the parameters values for which the model was most sensitive to the global costs of the strategies' global costs. The proportion of tetanus-prone wounds in the cohort and TQS sensitivity were the parameters whose variation led to the highest change in costs, but without inversion of the preferred strategy. Indeed, a decrease in prophylaxis costs could change the base-case conclusion. For a vaccine cost below €4.9 (vs. €10 in the base case), and a TIG cost below €18.5 (vs. € 34.9 in the base case), "TQS" was no longer cost-saving compared with current practice.
Threshold analysis
Results of the threshold analysis showed that for a TQS sensitivity under 61.2% (vs. 69% in the base case), or a TQS cost over €6.2 (vs. €4.7 in the base case), the TQS cost was no longer cost-saving compared with the "Medical Interview" strategy.
Alternative scenarios
When we considered that patients were treated with equine TIG (which cost €4.1 vs. €34.9 for the human TIG in the base case), "TQS" was no longer cost-saving and was associated with an ICER of 875,000 €/LYG. Similar results were observed when we explored the case where a monovalent vaccine was administered (€2.82 vs. €10 for the tetravalent vaccine used in the base case) with an ICER of 1,887,000€/LYG (Additional file 1: Technical Appendix). In every other scenarios and sensitivity analysis performed where the "TQS" cost was higher than "Medical Interview", it never appeared to be cost-effective.
Discussion
We found that in adult patients presenting to the ED with wounds, for comparable effectiveness "TQS" was less expensive than a strategy based on medical interview. The difference in costs was mainly due to the decrease in unnecessary tetanus prophylaxis achieved because of the higher sensitivity of TQS in identifying protected patients who do not need prophylaxis. Subanalyses showed that the "TQS" strategy is especially cost-saving in patients with tetanus-prone wounds, where costly TIG injections are recommended, and for patients with a low tetanus seroprevalence (the elderly). However the TQS cost was higher than current practice for nontetanus prone wounds or when lower prophylaxis costs were explored; and in those cases TQS was associated with high ICER. This was due to the fact the number of cases adverted compared to current practice was always negligible due to low tetanus incidence rates. Therefore, the very small gap in effectiveness between the strategies lead to extremely high ICERs that were never considered cost-effective in the French context (>3 × French GPD = €90,000). While few clinical studies have been conducted in other countries, this study is to our knowledge the first model-based study to evaluate the cost-effectiveness of the TQS in France. This study design allows us to simulate the impact of TQS use as well as several alternative scenarios of wound management. Results on effectiveness obtained with our model converge to those reported by French institutions (<1 case of tetanus per year among patients who present to the ED vs. 0.45 in our model for the "Medical Interview" strategy). This illustrates the internal validity of our results.
Our results are consistent with previous epidemiological studies. For example, Hatamabadi et al. found the use of TQS in Tehran, Iran, to be cost-saving for emergency patients with tetanus-prone wounds (average cost per patient €12.1 with "Medical Interview" vs. €9.5 with "TQS"), but not for patients with non-tetanus-prone wounds (€0.1 with "Medical Interview" vs. €4 with the "TQS") [7] . In an assessment of test efficiency in five hospitals in three regions of Belgium (Brussels, Flanders and Wallonia), Stubbe et al. found that TQS use was cost-saving for tetanus-prone wounds for all age groups (€10.6/patient with the "TQS" vs. €11.3 with "Medical Interview") [14] . However, they found that TQS use did not lead to cost-saving for non-tetanus-prone wounds (€7.3/patient with the "TQS" vs. €3.9/patient with "Medical Interview") [14] .
Our results were sensitive to prophylaxis costs. For example, for a TIG cost under €18.5 or vaccine cost under €4.9, the "Medical Interview" strategy became less expensive than "TQS". These values are above the cost of equine TIG and of monovalent vaccine, which suggests that TQS use would not be cost-saving if tetanus prophylaxis was solely based on those components. Variation of TQS sensitivity and cost could also change the results. However, their threshold values were outside plausible ranges found in the literature, and very far from values considered in our base case analysis, which were conservative when considering the "Medical Interview" strategy. This illustrates the robustness of our results.
Our study has several limitations. First, our results are valid for the specific French ED setting, wound care management and costs. However, given that wound management is quite comparable, at least in other European countries, our results can probably be extrapolated to other settings. Second, data used for the model came from various studies and some may not represent the French context. However, model inputs were varied over a wide range and our results were robust to these variations. Third, for reasons of feasibility and data availability, only two wound categories were considered. The third category of wounds in French clinical guidelines for tetanus prophylaxis was not considered (Table 1) . We included this category (which seems to represent only 4.9% of all types of wounds observed in EDs [6] ) in the "tetanusprone wound" category. Because patients with this third type of wound must receive two TIG injections, this could have resulted in underestimation of the number of TIG injections prescribed in our model. Consequently, this might have led to underestimation of the reduction of prophylaxis costs generated by use of TQS, which further strengthens our results. The same would have been observed if primary vaccination follow-up had been considered; indeed, due to the higher specificity of the TQS, fewer patients incorrectly identified as not having received primary vaccination would have been sent to the general practitioner.
Although the impact of those tests have been evaluated in high income countries, their use could be highly relevant in poorer countries with a higher tetanus incidence due to a lack of tetanus immunity in wounded patients.. In such settings, TQS use could minimize tetanus prophylaxis costs, but more importantly maximize effectiveness in terms of life years gained, due to its high specificity in the detection of unprotected patients.
Conclusions
In conclusion, in patients seeking care for a wound in French EDs, TQS use is cost-saving compared with the "Medical Interview" strategy. The TQS is especially costsaving in patients with tetanus-prone wounds, and to a lesser extent in patients aged ≥65 years. Therefore, its use should be specifically recommended in this population.
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